Determination of the components of monosaccharides and oligosaccharides in sugar chains is still an important technique for the biochemistry of glycoconjugates, and a sensitive, rapid and precise method is required. For the carbohydrate analysis, various methods have been reported using GC, 1-3 LC 4-18 and CE, [19] [20] [21] [22] and among them, HPLC with reductive amination 8, [10] [11] [12] [13] [14] [15] [16] [17] [18] is widely used. Reductive amination is a method which introduces chromophores or fluorophores onto the reducing end of the saccharides, and a number of reagents including 2-aminopyridine have been reported. In the previous study, we investigated some aromatic amines, searching for a superior precolumn fluorescence derivatizing reagent for saccharides 23, 24 and found that aminopyrazine is suitable for sensitive determination. In the study, 8 monosaccharides derivatized with aminopyrazine were completely separated by anion-exchange HPLC within 45 min. 24 The sensitivities for N-acetylated monosaccharides were about 4 times higher than those of neutral monosaccharides, suggesting that the selective determination could be carried out using aminopyrazine. However, the method has a disadvantage with respect to analytical time, and a rapid method is required. In addition, for the precise determination of components of monosaccharides in glycoconjugates, two-dimensional analysis is needed, and a method other than anion-exchange HPLC is required. Therefore, in this investigation, we describe a rapid reversed-phase HPLC method for the determination of monosaccharides derivatized with aminopyrazine; the determination of the components of monosaccharides in transferrin, fetuin and ovalbumin was carried out. The same samples were also determined by anion-exchange HPLC, and the values obtained by both methods were compared. In addition, to elucidate the chemical structures of the fluorophores and selectivity of aminopyrazine to the N-acetylated monosaccharide, we synthesized the glucose (Glc) derivative and Nacetylglucosamine (GlcNAc) derivative and investigated their fluorescence characteristics.
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Experimental

Materials
Aminopyrazine and ribose were purchased from Nacalai Tesque (Kyoto, Japan).
Dimethylamine-borane complex, acetonitrile of HPLC grade, Glc, galactose (Gal), mannose (Man), rhamnose (Rha), xylose (Xyl), fucose (Fuc), GlcNAc, Nacetylgalactosamine (GalNAc), and transferrin (human serum) were purchased from Wako Pure Chemical Industries (Osaka, Japan). Fetuin (bovine serum) was obtained from Sigma Chemical Co. (St. Louis, MO, USA); ovalbumin (chicken egg) was from Seikagaku Corporation (Tokyo, Japan). Silica gel 60 and Sephadex G-10 were obtained from Merck (Darmstadt, Germany) and Pharmacy Biotech (Uppsala, Sweden), respectively. Water was purified by the Milli-Q II system (Millipore, Bedford, MA, USA). Other reagents and solvents were of reagent grade.
High performance liquid chromatography
The HPLC system used was comprised of a Trirotar-V pump (Jasco, Tokyo, Japan), a 7125 injector (Rheodyne, Cotati, CA, USA), an FP-920 fluorescence detector (Jasco) and an 807-IT integrator (Jasco). The analytical column used was a TSK gel ODS-80Ts (150 × 4.6 mm i.d., Tosoh, Tokyo, Japan). The column temperature was maintained at 40˚C in a CTO-6A column oven (Shimadzu, Kyoto, Japan). The mobile phase was 100 mM sodium phosphate buffer (pH 5.0) containing 0.8% (v/v) acetonitrile at a flow rate of 1.0 ml/min. Fluorescence detection was carried out at 410 nm with excitation at 245 nm.
Anion-exchange HPLC for the component analysis of glycoproteins was carried out as described by Kiguchi et al. 24 
Precolumn fluorescence derivatization of monosaccharides
Precolumn derivatization of monosaccharides was carried out as described by Kiguchi et al. 24 Aliquots of monosaccharide samples were placed in glass vials and lyophilized. To the residue, 50 µl of 0.75 M aminopyrazine in acetic acid was added and the mixture was heated at 90˚C for 30 min. To each resulting solution, 50 µl of 0.7 M dimethylamine-borane in acetic acid was added and the mixture was heated at 90˚C for 5 min. After cooling to room temperature, 40 µl of the reaction mixture was dried in vacuo at 40˚C. The residue was dissolved in 200 µl of the mobile phase of HPLC, and the solution was washed 5 -10 times with 200 µl of water saturated 1-butanol. The aqueous layer (5 µl) was subjected to HPLC.
Isolation of aminopyrazine derivatives of Glc
Glucose (500 mg) was dissolved in 140 ml of 0.75 M aminopyrazine in acetic acid and heated at 90˚C for 30 min. Then, 140 ml of 0.7 M dimethylamine-borane in acetic acid was added and this mixture was heated at 90˚C for 5 min. After evaporation, the residue was dissolved in 250 ml of water and washed 5 times with 250 ml of 1-butanol saturated with water and 3 times with 250 ml of ethyl acetate. After the aqueous layer was freeze-dried, the residue was passed through a silica gel column (40 × 1.5 cm i. 
Hydrolysis of glycoproteins
Hydrolysis and re-acetylation of glycoproteins were performed as described by Fu et al. 25 Briefly, an aqueous solution of glycoprotein (50 µg/100 µl) was mixed with 100 µl of 8 M trifluoroacetic acid and heated at 120˚C for 2 h. After the reaction mixture was dried, 100 µl of 2-propanol was added and the mixture was dried again. After 1 µg of ribose (internal standard), 200 µl of methanol-pyridine-water (30:15:10) and 10 µl of acetic anhydride were added, the mixture was allowed to stand for 30 min at room temperature. The resulting mixture was then dried, derivatized and analyzed as described above.
Results and Discussion
Reversed-phase HPLC of aminopyrazine derivatives of monosaccharides
For the separation of aminopyrazine derivatives of 8 monosaccharides on reversed-phase column, elution conditions were examined.
In the preliminary experiment, sodium phosphate buffer showed better separation of the derivative of 8 monosaccharides than ammonium acetate or sodium citrate buffer; therefore, sodium phosphate buffer was selected as the mobile phase. The organic solvent added to the mobile phase was also examined. However, the optimum concentration was different for each solvent; neither the elution order nor the resolution of 8 monosaccharides changed on changing the organic solvent (methanol, ethanol, acetonitrile, 1-propanol, 2-propanol and 1-butanol; data not shown).
Among 8 monosaccharides tested, the separation factor for Xyl and Man derivative was the lowest; therefore, the separation of these two monosaccharide derivatives was investigated by changing the pH of the sodium phosphate buffer. As shown in Fig. 1 , the separation factor for Xyl and Man derivatives was the highest at pH 5.0, and baseline separation could be accomplished. According to the results obtained above, 100 mM sodium phosphate buffer (pH 5.0) containing 0.8% acetonitrile was used as the mobile phase.
For the separation of 8 aminopyrazine derivatives of monosaccharides, the solid phase was also investigated using seven ODS columns (TSK gel ODS-80Tm, TSK gel ODS-80Ts and TSK gel ODS-80TsQA from Tosoh, Cosmosil 5C18-AR II and Cosmosil 5C18-MS from Nacalai, Mightysil RP-18GP from Kanto (Tokyo, Japan), and J'sphere ODS-M80 from YMC (Wilmington, NC, USA)). The retention of each derivative of the monosaccharide was almost the same on the 7 ODS columns tested. On the other hand, the retention of aminopyrazine, an excess reagent, was different and sometimes interfered with the determination of monosaccharides. Because aminopyrazine forms a cation at pH 5.0, the silanol content remaining on each ODS column was investigated. Figure 2 shows the relation between k′(aminopyrazine) and k′(caffeine)/k′(phenol), which is often used to estimate the remaining silanol content.
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The correlation coefficient of the linear regression line was 0.87, indicating that retention of aminopyrazine related closely to the silanol content remaining on each ODS column. As a result, an ODS column whose remaining silanol was almost endcapped is adequate for the determination of monosaccharides derivatized with aminopyrazine.
Under these conditions described above, all derivatives of monosaccharides examined were completely separated in about 20 min on a TSK gel ODS-80Ts column. The chromatogram is shown in Fig. 3 . The separation time for eight monosaccharides derivatized with aminopyrazine was about 25 min shorter than that using anion-exchange HPLC previously described. 24 The calibration curve for each monosaccharide was linear from 1 -500 pmol (inject amount/5 µl) with a correlation coefficient of more than 0.999. The detection limits for monosaccharides (S/N = 3) were as follows: GlcNAc and GalNAc were 45 fmol; Glc was 75 fmol; Gal was 120 fmol; Man was 150 fmol; Xyl was 200 fmol; Rha was 400 fmol; Fuc was 800 fmol. Within day precisions for 8 monosaccharides were 2.3 -5.0% (RSD, n = 10), and day-to-day precisions were 3.0 -4.2% (RSD, n = 5).
Fluorescence characterization of aminopyrazine derivatives of monosaccharides
As described above, the peak heights for GlcNAc and GalNAc were higher than those for neutral monosaccharides, and sensitive determination could be carried out for these two 920 ANALYTICAL SCIENCES SEPTEMBER 2000, VOL. 16 monosaccharides. Therefore, we synthesized and isolated the aminopyrazine derivatives of Glc and GlcNAc, and their fluorescence characterization was investigated in addition to the determination of the chemical structures of the derivatives. The reaction of aromatic amines with reducing sugars is thought to proceed as follows: 10, 12, 21 the amino group of the reagents reacts with an aldehyde group at the reducing end of the monosaccharide to form a Schiff base, which is reduced by a suitable reducing reagent, and stable derivatives are formed. Therefore, the chemical structure of the aminopyrazine derivative of Glc is considered to be that given in Fig. 4 . In the present investigation, Glc and GlcNAc derivatives were synthesized and purified by the method described in the Experimental section. For both Glc and GlcNAc derivatives, the results obtained by mass spectrometry and elemental analysis are consistent with the estimated structures described in Fig. 4 , suggesting that a derivatizing reaction similar to those with other aromatic amines also occurred with aminopyrazine. The fluorescence excitation and emission spectra of the isolated aminopyrazine derivatives of Glc and GlcNAc are shown in Fig.  5 . However, the excitation (245 -246 nm) and emission (409 -410 nm) maxima and shapes of the spectra of both derivatives were almost the same; the fluorescence intensity of the GlcNAc derivative was approximately 4 times higher than that of the Glc derivative. Considering the fact that almost the same amount of Glc and GlcNAc reacted with aminopyrazine (reaction rate; 49% for Glc, 52% for GlcNAc), we conclude that sensitive and selective determination of N-acetylated monosaccharides could be accomplished using aminopyrazine as a precolumn derivatization reagent. In addition, the peak heights of oligosaccharides having an N-acetylated monosaccharide at the reducing end were higher than those of neutral sugars. 24 Because the reducing ends of most of the asparagine-and serine-bound sugar chains were GlcNAc or GalNAc, the present method should be valuable for the carbohydrate analysis of glycoproteins.
Application to monosaccharide composition analysis of glycoproteins
For application to biological samples, the monosaccharide composition of several glycoproteins (transferrin, fetuin and ovalbumin) was determined by the present method. The hydrolysis and re-acetylation of the glycoproteins were carried out as described by Fu et al., 25 and the resulting monosaccharides were derivatized with aminopyrazine and determined as described above. As shown in Table 1 , Gal, Man, GlcNAc and GalNAc were determined in the 921 ANALYTICAL SCIENCES SEPTEMBER 2000, VOL. 16 glycoproteins by the present method. Ribose was used as an internal standard. The same samples were also determined by the previously reported anion-exchange HPLC method 24 and the results were compared with the values obtained by the present method. The results obtained by both methods were almost the same and were in good agreement with those reported by other investigators. 5, 8, 9, 17, 25, 27, 28 A typical chromatogram obtained for fetuin is shown in Fig. 6 .
A precise determination of monosaccharides was demonstrated using aminopyrazine as a precolumn derivatization reagent. The results of composition analysis of glycoproteins obtained by the present method are consistent with the values obtained by anion-exchange HPLC and the reported values. In the reported methods, the separation times of monosaccharides were 13 -100 min, and the detection limits of the monosaccharides were 100 fmol -200 pmol. In addition, monosaccharides can not be completely separated by some of the methods. 8, 9, 27 In the present investigation, the fluorescence intensities of the derivatives of N-acetylated monosaccharides (detection limits; 45 fmol) were higher than those of neutral monosaccharides, and 8 monosaccharides tested were completely separated in about 20 min. The results indicate that the present method is suitable for the determination of monosaccharides of glycoproteins and would be useful for the analysis of oligosaccharides. 
